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signiﬁcant is the low correlation between cell death and shear stress.
Shear stress is commonly thought to be a key parameter for chondrocyte
viability. However, the results shown here indicate that normal stress and
ﬂuid pressure have a far stronger inﬂuence on post-impact cell viability.
Future experiments using different impact energies and impactor faces
should allow for better separation of different stress components and more
precise understanding of the inﬂuence of stress magnitude versus stress
rates.
This study was supported by a grant from the NIH (AR47653).
Figure 2. Comparison of cell death proﬁle to maximum stresses.
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Purpose: The aim of this study was to assess the effect of a patellar
brace on three-dimensional patellar tracking (kinematics) in subjects with
knee osteoarthritis.
Methods: We assessed three-dimensional patellar kinematics in 10 sub-
jects with symptomatic radiographic patellofemoral knee osteoarthritis
using a validated, quasi-static, MRI-based method. Each subject un-
derwent 4 assessments of patellar kinematics: (1) no knee brace, no
load, (2) no knee brace, 15% bodyweight (BW) load, (3) knee brace,
no load, (4) knee brace, 15% BW load. The 15% BW load was applied
axially through the foot using a custom designed, MRI compatible loading
pedal. A standard patellofemoral brace was used for all subjects. Patellar
kinematics (ﬂexion, spin and tilt; proximal, lateral and anterior translation)
were assessed using custom software (Matlab, the Mathworks, Natick,
Ma) at 6 static angles over a range of approximately 35º of knee ﬂexion.
The error of the method is less than 1.02º for spin and tilt and less than
0.88mm for translations. Splines were ﬁt to each subject’s data using
the spcvr function in Matlab. Comparisons were made at 1º increments
over the coincidental range of knee ﬂexion between the no-brace and
brace conditions, at no load and 15% BW load, using a paired t-test with
Bonferroni correction for multiple comparisons (p< 0.0042).
Results: All of the 10 subjects had radiographic lateral patellofemoral
OA (7 female, 3 male, 60.9±11.3 yrs, 89.5±19.3 kg) and seven had
concomitant tibiofemoral OA (KL grade 2). Under no applied load, the
brace extended and medially tilted the patellae and shifted them distally,
medially and posteriorly (Table 1). There was no difference in patellar spin
between the no-brace and brace condition when no load was applied.
Under 15% BW load, the brace extended and externally rotated the
patella and shifted them distally, medially and posteriorly (Table 2). There
was no difference in patellar tilt between the no-brace and brace condition
when the 15% BW load was applied.
Conclusions: The largest effect of the brace was to produce more
extended patellae in both no load and 15% BW load conditions, which
suggests that the brace restricts the patella in ﬂexion/extension. The more
distal patellar position with the brace at 15% BW load could also be due
to the restriction of proximal/distal patellar motion. Differences in patellar
tilt were seen when no load was applied, but not when 15% BW load was
applied, which may be due to the stabilizing effect of the active quadriceps
muscle stabilizes on patellar tilt in the loaded case. While the effect of
bracing on kinematics may appear small, the data was analyzed using the
global mean difference and the effects of subject and knee ﬂexion angle
were not considered. However, small differences in kinematics have been
observed between normals and patients with patellofemoral syndrome,
which suggests that braces have potential for clinically signiﬁcant changes
in patellar kinematics.
Table 1: Paired t-test for the no-brace and brace conditions, under no load
Parameter Mean
Difference
t-Value P-value 95% Lower CI 95% Upper CI
Flexion 2.7 20.970 <0.0001 2.4 2.9
Spin 0.1 1.994 0.0469 0 0.2
Tilt −1.4 −14.856 <0.0001 −1.6 −1.2
Proximal Translation 0.8 9.797 <0.0001 0.6 0.9
Lateral Translation 0.5 14.850 <0.0001 0.5 0.6
Anterior Translation 0.6 19.945 <0.0001 0.5 0.6
Table 2: Paired t-test for the no-brace and brace conditions, under 15% BW load
Parameter Mean
Difference
t-Value P-Value 95% Lower CI 95% Upper CI
Flexion 2.4 14.830 <0.0001 2.1 2.8
Spin 0.3 3.280 0.0011 0.1 0.5
Tilt −0.2 −0.943 0.3462 −0.5 0.2
Proximal Translation 1.3 16.568 <0.0001 1.1 1.4
Lateral Translation 0.8 17.841 <0.0001 0.7 0.9
Anterior Translation 0.6 12.603 <0.0001 0.5 0.7
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Purpose: The use of a laterally wedged insole is a unique therapy for
medial knee osteoarthritis (OA) which could change the loading within the
joints. However, at present, the treatment is not widely accepted because
of its limited efﬁcacy. In this study, we investigated whether the addition
of an arch support could improve the biomechanical effect of the laterally
wedged insole.
Methods: The study was performed under the approval of the ethical
committees of the institutes. Twenty healthy volunteers (11 males and
9 females; average age, 28.4 years) were enrolled in the study. Three-
dimensional gait analysis was performed, and kinetic and kinematic
parameters at the knee and subtalar joints were compared among the
following four types of insoles; a 5mm-thick ﬂat insole (FLAT), a ﬂat insole
with an arch support (AS), a 6-degree inclined laterally wedged insole
(LW), and a laterally wedged insole with an arch support (LWAS). The
parameters were ﬁrst compared among the insoles for the entire stance
phase. Then the stance phase was divided into three sections of equal
length, and the parameters were compared in respective phases.
Results: The knee adduction moment averaged for the entire stance
phase was reduced by the use of LW and LWAS by 7.7% and 13.3%,
respectively, from that with FLAT. The difference of the moment between
LW and LWAS was signiﬁcant (p< 0.01). When analyzed in respective
phases, the reduction of the moment by the arch support was most
obvious in the late stance (Figure 1). The comparison of the kinematic
parameters revealed that LW tended to induce toe-in gait, and that
trend was completely abrogated by the addition of an arch support. The
increase in toe-out angle is known to raise knee adduction moment in the
late stance. Thus, the difference of the moment between LW and LWAS
could be ascribed to the change of the toe-out angle by those insoles.
The analyses also revealed that LW tended to increase step width, and
that such an increase was completely eliminated by the addition of an
arch support to LW (i.e. LWAS). The wider the step width becomes, the
more lateral the position of the ground reaction force would be, which
could elevate knee adduction moment. Therefore, the reduction of step
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width with LWAS could be another mechanism for the further reduction
of the moment with that type of insole.
The analyses of biomechanical parameters at subtalar joints revealed
that the change of valgus angle at the joints was smaller with LWAS than
with LW, while the magnitude of subtalar adduction moment was similar
for LW and LWAS. This may indicate that LWAS could allow the subject
to walk in a more natural manner, while exerting load shift similar to that
with LW.
Conclusions: The addition of an arch support to the laterally wedged
insole reduced knee adduction moment more efﬁciently than the con-
ventional laterally wedged insoles, presumably through the reduction of
the toe-out angle and step width. Current results also indicated that the
conventional laterally wedged insole could have potential drawbacks to
induce toe-out gait with wider stance, which might impair its biomechan-
ical effects. The result of insole therapy for medial knee OA could be
signiﬁcantly improved by the addition of an arch support to the laterally
wedged insole.
Figure 1. External adduction moment of the knee joint with the four types
of insoles. Average moments in early, middle and late sections of the
stance phase are shown. Values are the mean+SEM.
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Purpose: The assessment of knee osteoarthritis (OA) severity is usually
based on the integration of physical examination, radiographic grading
scale and self-evaluation questionnaires. Previous studies have charac-
terized the gait spatial and temporal patterns in patients with knee OA.
These patients demonstrate lower values of single limb support phase
(SLS) compared to a healthy population. However, this characteristic
has never been related to the severity of knee OA. The purpose of
the study is to investigate the correlation between SLS, Western Ontario
and McMaster university questionnaire (WOMAC), SF-36 and Kellgren &
Lawrence (K&L) scale, and to examine whether the SLS value can serve
as an indicator for the severity of knee OA.
Methods: The study was conducted on 136 (86 females and 50 males)
adults with bilateral knee OA and genu varum deformity. Patients under-
went a physical and radiographic evaluation, and completed the WOMAC
and the SF-36 health survey. Patients were then asked to walk barefoot at
a self-selected speed on a computerized mat. SLS values were obtained
for further analysis. Statistical analysis examined the correlation between
SLS, WOMAC, SF-36 and K&L scale. Further analysis divided the pa-
tients into ﬁve quintiles based on their SLS values and examined the
differences between the SLS quintiles and WOMAC and SF-36 scores.
Results: The correlation between K&L scale and WOMAC (Pain & Func-
tion) and SF-36 was 0.18, 0.24 and 0.26, respectively. Higher correlation
was found between SLS and WOMAC (Pain & Function) and SF-36 (0.47,
0.50 and 0.47, respectively). Signiﬁcant differences in WOMAC (Pain &
Function) and SF-36 were found between the SLS groups (P< 0.001).
Conclusions: Single limb support value was found to be a signiﬁcant
objective indicator for the severity of pain, function and quality of life in
knee OA. Hence, we suggest adding the SLS value as a parameter in
the assessment of knee OA.
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Purpose: Females are at a higher risk to develop knee osteoarthritis (OA)
and have higher rates of disability compared to males. In recent years,
data has been accumulated on the differences in gait patterns of patients
with knee OA compared to the healthy population. However, there is lack
of information regarding the gender differences in gait patterns of patients
with knee OA.
The purpose of this study was to investigate differences in spatio-temporal
parameters between males and females with knee OA.
Methods: The study was conducted on 136 (86 females and 50 males)
adults with knee OA and genu varum deformity. Patients were asked to
walk barefoot at a self-selected speed on a computerized mat. The follow-
ing parameters of the involved limb were evaluated: cadence, normalized
velocity, normalized step length, single limb support (SLS), double limb
support (DLS), stance, swing and foot placement angle. T-Test for normal
distribution was conducted to examine gender differences.
Results: Males and females did not differ in age, BMI and Kellgren &
Lawrence grading scale for the severity of knee OA. There were no
differences in normalized velocity, cadence and normalized step length.
However, signiﬁcant differences were found between males and fe-
males in the following parameters (expressed as percent of gait cycle):
SLS (males: 36.50±2.27, females: 34.98±3.72 P< 0.01), DLS (males:
25.15±3.67, females: 28.21±6.60 P< 0.01), stance (males: 61.46±1.81,
females: 63.09±3.23, P< 0.01), swing (males: 38.53±1.82, females:
36.91±3.23 P< 0.01) and foot placement angle (males: 9.30º±5.49,
females: 5.84º±5.18 P< 0.01)
Conclusions: Females with knee OA have lower SLS and swing values
and higher DLS and stance values, compared to males. The ﬁndings
might imply that females with knee OA have lower ability to bear weight
on the affected limb and this might coincide with the higher disability rates
in females with knee OA.
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Purpose: In recent years, data has accumulated on the differences of
gait patterns in patients with knee osteoarthritis (OA) as compared to
healthy population. Better understanding and characterization of these
altered gait patterns might be beneﬁcial in assessing the severity of the
disease as well as assessing the effectiveness of a given intervention.
Prior to using an instrument to determine the above claims, there is a
need to evaluate its reliability in a speciﬁc population. The purpose of
the study was to examine the reliability of a computerized mat in patients
with knee OA.
Methods: The study was conducted on 41 patients diagnosed with knee
OA. Patients were asked to walk barefoot at a self-selected speed on
GAITRite® mat. A 2nd test was conducted 15min after the completion
of the 1st test. The following spatio-temporal parameters were measured:
cadence, normalized velocity, normalized step length, single limb support,
double limb support, stance, swing, base of support and foot placement
angle. Test-retest reliability was evaluated using Pearson correlation for
scales with normal distribution and Spearman correlation for skewed
scales.
Results: High test-retest reliability was found in the following parameters:
normalized velocity, cadence, normalized step length (r ranged between
0.85−0.95), stance, swing, single limb support, double limb support (r
ranged between 0.88−0.91), base of support and foot placement angle
(r ranged between 0.91−0.95).
Conclusions: Our results demonstrated high reliability of the computer-
ized mat as a tool to assess spatial and temporal parameters of gait in a
population with knee OA.
